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0-SULPHATED BACTERIAL POLYSACCHARIDES AND THEIR USE 
Field of invention 

Object of the present invention is the preparation and use of derivatives of O- 
sulphated K4 or K5 or K40 E. coli polysaccharides as therapeutic products having 
s anti-inflammatory activity. 
Prior art 

The advantage of the production of active principles from bacteria is the possibility 
of fermentation on a large scale. In particular, are known to the art processes for 
the extraction of polysaccharidic precursors of heparin which can be transformed, 
10 by means of economically advantageous industrial processes of sulphation, into 
compounds having heparin-like anti-coaguiant activity . 

In particular. K4. K5 and K40 polysaccharides consist of repeated sequences of D- 
glucuronic acid and in one amino-sugar (N-acetylglucosamine for K5 and K40 and 
N-acetylgalactosamine for K4) and are produced and purified according to known 
15 techniques (Manzoni M. Et al. Biotechnology Letters 18(4) 383-386 (1996); 
Rodriguez MR et al Eur. J. Biochem.. 177, 117-124 (1988); Dengler T et al: Carij 
res. 150, 233-240 (1986)). 

The preparation of O-sulphated polysaccharides derivatives has been described 
by Ogamo A. et al. Carb. Res. 193 (1989) 165-172, and Rej R.N. et al., Carb. Res. 

20 210(1991)299-310. 

Patent US 5,314,876 relates to the preparation of N and O-sulphated heparosans 
derived from partially N*deacetylated K5 polysaccharide, which leads to the 
production of derivatives characterized by a different degree of sulphation and by 
a degree of acetylation between 0 and 80%. 

25 Patent US 6.288.044 relates to the preparation of O-sulphated K5, K4 and K40 
polysaccharides through a process including the direct sulphation of the 
polysaccharide, in a suspension of an organic solvent, of said polysaccharides in 
the form of sodium salt. The sulphation leaves intact the acetyl group on nitrogen 
of the amino-sugar. 

30 This process allows the production of O-sulphated and N-acetylated 
polysaccharides derivatives in a single reaction; however, the reaction occurs in a 
heterogeneous phase. 
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Patent US 6,329,351 B1 refers to the production of sulphated 
sulphaminoheparosans of K5 polysaccharide through N-deacetylation followed by 
N-sulphatlon and 0-sulphatlon. The 0-sulphatlon finees the nitrogen of the 
glucosamine amino group from the sulphate group thus leaving the amino group 
5 free, the obtained product Is then N-sulphated in order to obtain 0-sulphated and 
N-sulphated K5 polysaccharides derivatives. 

The processes described in patent application WO 01/72848, in WO 97/43317 and 
in patent US 6,197.943 refer to the preparation of sulphated glycosaminoglycans, 
derived from K5 polysaccharide, which are differently 0-sulphated and epimerized 

10 and having a free or sulphated amino group of the glucosamine amino-sugar. 

Moreover, It is well-known that heparin, some heparin derivatives such as the O- 
desulphated heparins, the 60-desulphated heparins and other 
glycosaminoglycans as for example the denmatan-sulphate and the heparan- 
sulphate, have biological functions which are distinct from their specific anti- 

15 coagulant activity (Tyn-el DJ et al. Adv Pharmacology 46, 151-208, 1999; Gaffney 
and al Br. J. Rheumatology 35. 808, 1996; Sales and al. Gut, 47. 88-96, 2000; 
Levr et al. Br. J. Phamiacology 129. 533-540, 2000). 

Furthermore, it has been demonstrated that heparin restrains the production of IL- 
Ibeta, IL-6 and TNF-alpha after induction with LPS (Attanasio M. et al Thromb. 
20 Haemost, 79, 959-962, 1998; Pepe G. et al. Thromb. Haenrast 23: 135-141. 
1997). 

Summary of the invention 

The invention refers to the preparation of 0-sulphated bacterial polysaccharides 
derived from K5, K4 and K40 E.coli and to their use for the treatment of 
25 pathologies due to acute or chronic inflammatory processes and, with particular 
reference but not limited to, arthritic pathologies (rtieumatoid arthritis and 
osteoarthritis), sepsis, septic shocl< and intestinal chronic inflammations (ulcerative 
colitis and Crohn's disease). 

K5. K4 or K40 polysaccharides have been 0-sulphated in homogeneous phase 
30 and N-acetylated. Alternatively, the same polysaccharides have been epimerized, 
0-sulphated, partially desulphated, N-sulphated or N-acetylated. 
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These compounds, and in particular 0-sulphated. N-acetylated K5 (K5-0SNAc) 
and 0-sulphated, N-sulphated epimerized K5 (K50SNS epi) obtained according to 
the present Invention show a specific activity on the main cytokines Involved In the 
inflammatory processes inhibiting especially the production of Tumor necrosis 
factor alpha (TNFalpha), Interiukin 1 beta (ILIbeta) and Interlukin 6 (IL6). 
Moreover, the Invention concerns the preparation of phannaceutlcal mixtures 
containing these compounds. 
Brief description of the drawings 

Figure 1: spectrum "C-NMR of the 0-sulphated. N-acetylated K5 polysaccharide 
obtained as described in example 1. 

Figure 2: spectrum ^^C-NMR of the 0-sulphated. N-acetylated epimerized K5 
polysaccharide obtained as described in example 4. 
Detailed description of the invention 

According to a firet embodiment, the invention concerns the use of 0-sulphated 
bacterial polysaccharides derived from K5. K4 and K40 polysaccharides for the 
preparation of a medicament used for' the treatment and prevention of specific 
pathologies or pathologies associated to an altered production of at least one pro- 
Inflammatory cytochlne. 

K5, K4 and K40 polysaccharides, used according to the invention, are produced in 
E.coli and consist of repeated sequences of D-glucuronIc acid (substituted If In 
case) and other amino-sugars (N-acetylglucosamine for K5 and K40 or N- 
acetylgalactosamine for K4). 

In particular the K5 polysaccharide obtained from E.coli is a polymer of the 
disaccharidic unit fomied by D-glucuronic acid and N-acetylglucosamine linked by 
a a 1-[-4)-pGlc-<1.4)-aGlcNAc-(1-] bond. This structure Is alike to N- 
acetylheparosan. the precursory polymer of heparin and of heparan sulphate. This 
structural affinity with N-acetylated heparin and with desulphated heparin makes 
the K5 polysaccharide extremely useful to the preparatfon of sulphated heparin- 
llke semi-synthetic derivatives. 

The K4 polysaccharide obtained from E.coli is a polymer fonned by a sequence of 
D-glucuronIc acW (GIcA) (which is linked to one D-fructose unit in position 3 and 
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N-acetyl galactosamine (GlcNAc) bound by a p1-3 bond. These disaccharidic units 
are also linked together by a p 1-4 bond. 

The K40 polysaccharide obtained from E.coli is formed by a trisaccharide 
consisting in D-glucuronic acid (GIcA) (which is bound to a unit of serine to the 

5 carboxyl function) and two units of N-acetyl glucosamine (GlcNAc). The 
trisaccharidic units (GlcNAc-GlcA-GlcNAc) are linked together by p 1-4 bonds. 
The starting K4. K5, K40 polysaccharides are obtained through the fermentation of 
wild type E.coli strains (w.t.) or genetically modified E.coll strains. The K4 
polysaccharide is generally used after a process of defructosilatlon carried out, for 

10 example, according to the method of Rodriguez et al. Eur. J. Biochem. 1988, 
177:177-124. The K40 polysaccharide can be utilised also after elimination of the 
aminoacid serine. 

In the present invention ttie term re-acetylation means an acetylation process 
which takes place after deacetylation of the naturally acetylated polysaccharides. 
15 Therefore, in the present invention the "N-re-acetylated" products are those which 
derive from chemical acetylation and not finom natural acetylation perfomraed by the 
microorganism. 

Moreover, for the purpose of this invention, partially desulphated polysaccharides 
are those 0-sulphated products obtained through partial desulphation and having 
20 a degree of sulphation, defined by the sulphates/cariDoxyls ratio, below 4 for K4 
and K5 polysaccharides and below 6 for K40 polysaccharide. 
The 0-sulphated products in position 6 are those products presenting a sulphation 
of the hydroxyl group in position 6 of the amino-sugar. 

Under a preferred aspect anti-inflammatory properties are refenred in particular to 
25 these classes of 0-sulphated bacterial polysaccharides: 

a) 0-sulphated, N-acetyiated K5. K4 and K40, obtained ttirough direct sulphation 
in heterogeneous phase as described in WO 98/34958 and having a natural 
polysaccharide acetylation; 

b) 0-sulphated, N-sulphated and epimerized K5 obtained as described in WO 
30 97/43317 and 0-sulphated, N-sulphated and epimerized K4; 

c) 0-sulphated, N-acetylated K5. K4 and K40 characterized by a chemical re- 
acetylation performed after deacetylation: the resulting polysaccharides are, 
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therefore, defined as re-acetylated. In this case, the sulphation is carried out in 
homogeneous phase as described for K5 polysaccharide in WO 98/09636; 
0-sulphated K5 and K4 polysaccharides, optionally epimerized, and N- 
reacetylated; or the 0-sulphated K5 and K4 polysaccharides, epimerized, 
5 optionally partially desulphated, and N-reacetylated; or the 0-sulphated K5 and 
K4 polysaccharides, epimerized, partially desulphated, optionally 6 O- 
sulphated. and N-reacetylated are also endowed with antiinflammatory 
properties. 

Particulariy prefened are those reacetylated products derived fo.mi .K5 
10 polysaccharide,in particular the 0-sulphated. N-acetylated K5 (having a degree of 
acetylation between 80 and 99%) and 0-sulphated. N-sulphated.and epimerized 
K5 (having a residual degree of natural acetylation comprised between 0 and 
20%). 

The anti-inflammatory activity is in particular related to the inhibition of pro- 
is inflammatory cytokines production as observed after the administration of O- 
sulphated polysaccharides, in an in vitro system represented by human monocytes 
activated by stimuli such as the bacterial surface antigens (lipopolysaccharide or 
LPS). During an immune and Inflammatory process, the pro-Inflammatory 
cytokines increase many times their level when in the circulation or at the local- 
20 level. In particular, IL-1, IL-6 Interiukin and TNF-alpha are considered to be pro- 
inflammatory cytokines. 

The pro-inflammatory cytokines have multiple biological activities and interact with 
many cellular types. As a matter of fact high levels of these cytokines are found in 
very different pathologies, such as autoimmune diseases, rtieumatoid arthritis, 

25 osteo-arthritis. diabetes, intestinal chronic inflammations, sepsis, as described, for 
example, by Kock AE, et al. 1 995; J. Invest. Med. 43:28-38. 
Therefore, according to the invention said polysaccharides are useful to the 
preparation of medicaments for the treatment and prevention of: septic shock, 
parasitic infections (e.g. malaria), auto Immune diseases Including some arthritis 

30 with particular reference to rtieumatold arthritis, cachexia, cachexia due to 
bacterial infections such as tuberculosis and meningitis and intestinal chronic 
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Inflammatory diseases such as Crohn's disease as well as to those pathologies 
which are associated to an increase of TNF levels, of IL-1 or IL-6. 
Moreover, said polysaccharides are useful to the preparation of medicaments for 
the treatment and prevention of: inflammatory and immune disorders with 
particular reference to: psoriasis. Alzheimer's disease, peridontitis connected with 
an increase of IL-1 beta and IL-6 interlukin, tumour diseases, neurological 
disorders (e.g. multiple sclerosis, systemic lupus erythematosus, Alzheimer), 
bacterial and viral meningitis, osteoporosis, due in particular to a disregulation of 
IL-6 levels. 

Cytokines, and In particular IL-1 and TNF. are considered important stimulators of 
nitrous oxide (NO) production which plays an important role in the Immune system 
functions, in the cardiovascular system and in the bone homeostasis, therefore 
pathologic diseases which can benefit from the administration of the 
polysaccharides of the invention, are those by an hyperactiyation of Cyclo- 
oxygenase II (COX-2) induced in many Inflammatory processes, wherein their 
administration may lead to a further reduction of the Inflammatory process. 
Therefore, among the advantages confen-ed by the use as anti-inflammatory of the 
polysaccharides described in the present Invention is their capability to act 
simultaneously against various pro-inflammatory cytokines, and their stmctural 
likeness to heparin, a molecule produced by ttie "self, together with their limited or 
even absent anti-coagulant activity. In particular, ttieir capability to reduce at the 
same time the levels of the most Important pro-Inflammatory cytokines constitutes 
an advantage compared with many already known anti-inflammatory preparations, 
as conflmied also by clinical tests carried out with inhibitors specific for a single 
25 cytokine. 

According to a further embodiment, this invention also refers to O-sulphated and 
N-acetylated polysaccharides selected from the group of K5, K4, K40 chemically 
reacetylated for phamiaceutical use. These polysaccharides are optionally further 
modified through epimerization or ttirough partial desulphation or sulphation in 
position 6 of the amino-sugar and. in this latter case, ttiey are limited to ttie 
polysaccharides derived from K5 and K4. 
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Particulariy preferred polysaccharides are those deriving from the K5 
polysaccharide and In particular the 0-sulphated, N-reacetylated K5 
polysaccharide. 

0-sulphated and N-acetylated products derived from sulphation in homogeneous 
phase and from a chemical reacetilylation process, which represents one of the 
further embodiment of the invention, in particular K5, K4, defructosilated K4, K40. 
optionally deserinated, are clearty distinguishable from the relevant naturally 
acetyiated 0-sulphated products (i.e. which do not undergo deacetylation and 
reacetylation) for the following structural peculiarities: 

- degree of sulphation of position 3 of the N-acetylglucosamlne and of position 2 
and 3 of glucuronic acid higher than 80%; 

- degree of acetylation lower than 100%, preferably comprised between 20-99%, 
or more preferably comprised between 50-95% where 100% Is the degree of 
acetylation of the relevant naturally acetyiated polysaccharides; 

- molecular weight of about 10-40% lower than the molecular weight of the 
relevant naturally acetyiated (i.e. not deacetylated and not reacetylated) O- 
sulphated polysaccharides: 

- NMR spectrum different from the spectmm of the relevant naturally acetyiated 
polysaccharides and which conrespond, for the N-reacetylated, 0-sulphated K5 
polysaccharide, to the NMR spectrum shown In figure 1 . 

The 0-sulphated and N-reacetylated polysaccharides according to this invention 
are characterized by a molecular weight from 1.000 to 60,000 Da. preferably 
ranging from 5,000 to 25.000. by a sulphates/cartjoxyls ratio (definable also as 
degree of sulphation) ranging from 0.5 to 4.0. preferably ranging from 3 to 4 and 
more preferably ranging from 3.5 to 4.0. and by a N-acetylation degree lower than 
100%, preferably between 20 and 99%, and more preferably ranging between 50 
and 95%. However it has to be taken under consideration that molecular weight of 
the final compounds can be further reduced, according to known chemical, physic 
or enzymatic depolymerisatlon techniques, to products with a lower molecular 
weight according to the envisaged uses. 

According to a further aspect of the present Invention, said polysaccharides are 
useful in particular for the preparation of medicaments for the treatment and 
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prevention of: septic syndrome and septic shocl<. parasitic infections (e.g. malaria), 
neoplastic diseases, autoimmune diseases Including some arthritis, osteoarthritis 
and especially rheumatoid arthritis, viral infections (e.g. AIDS), cachexia 
connected to bacterial infections such as tuberculosis and inflammatory 
. 5 meningitis, in myocardial ischemia, in atherosclerotic diseases and in intestinal 
chronic inflammatory pathologies such as Chron's disease, associated to an 
increase of TNF levels. 

Moreover, said polysaccharides are useful for the preparation of medicaments for 
the treatment and prevention of: autoimmune inflammatory disorders such as 
10 psoriasis, neurological disorders (e.g. multiple sclerosis, systemic lupus 
erythematosus), . Alzheimer's disease, peridontitis connected with an Increase of 
IL-1 beta and IL-6 Interiukin levels, tumour diseases, bacterial and viral meningitis, 
osteoporosis and rheumatoid arthritis, i.e. diseases associated with an Increase of 
IL-6 levels. 

15 Furthennore since cytokines, and in particular lL-1 and TNF, are considered to be 
important stimulators of nitrous oxide (NO) which plays an important role in the 
immune system functions, in the cardiovascular system and in the bone 
homeostasis, such pathologic conditions can, therefore, benefit from the 
administration of the polysaccharides described under this invention. The 

20 administration of the polysaccharides described in this Invention may be useful 
therefore In those pathologic conditions due to an hyperactlvatlon of the Cycle- . 
oxygenase II (COX-2) induced In many inflammatory diseases, leading, therefore, 
to an additional further reduction of the inflammatory process. 
The products described in the present invention are used alone or in combination 

25 among them or among other active principles, in phamiaceutical preparations for 
the prevention, relief and treatment of diseases and conditions connected with 
pathologic variations in the production of pro-inflammatory cytokines such as acute 
or chronic Inflammatory processes. Such therapeutic properties are extended to 
the derivatives (salts etc.) of the polysaccharides of the Invention which are easily 

30 obtained according to known technologies. 

The present invention also relates to a process for the preparation of 0-sulphated 
and N-acetylated polysaccharides, selected from a group consisting of: K4. K5 and 
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K40 characterized by the subsequent chemical acetylatlon of the 0-sulphated 
product (re-acetylatlon). These 0-sulphated polysaccharides are preferably 
selected from a group consisting of: a) 0-sulphated, N-acetylated K5, K4 and K40 
obtained through direct sulphation in heterogeneous phase preferably essentially 
as described in WO 98/34958 and where the acetylatlon is naturally present in the 
polysaccharide: b) 0-sulphated, N-sulphated and epimerized K5 and K4 obtained 
as described In WO 97/43317; c) 0-sulphated, N-acetylated K5. K4 and K40 
wherfe the sulphation is carried out in homogeneous phase preferably essentially 
as described in WO 98/09636. which is therefore incorporated by reference and 
characterized by chemical reacetylation carried out after deacetylatlon (these 
polysaccharides are, therefore, defined as reacetylated); 0-sulphated, epimerized, 
N-re-acetylated K5 and K4; 0-sulphated, epimerized, partially desulphated and N- 
reacetylated K5 and K4; 0-sulphated, epimerized, partially desulphated, 6 O- 
sulphated and N-reacetylated K5 and K4. In the re-acetylated products the 
acetylatlon degree is advantageously chemically modulated to obtain 
polysaccharides with the most suited physico-chemical properties. 
The reacetylated products derived from the K5 polysaccharide are particulariy 
preferred. In particular the 0-sulphated, N-reacetylated K5 (with a degree of 
acetylatlon lower than 100% preferably comprised between 50% and 95%) and 
the 0-sulphated. N-sulphated and epimerized K5. having a residual degree of 
natural acetylatlon comprised between 0 and 20%. 

Under yet another prefen-ed embodiment, the process is characterized by the fact 
that the 0-sulphated polysaccharides selected from a group consisting of: 
-K5 0S(NH2*): 

- K4 0S(NH2*); 

- K40 0S(NH2*): 

- K5 0S(NH2*) epimerized; 

- K4 0S(NH2*) epimerized; 

- K5 0S(NH2*) epimerized, partially desulphated and optionally 60 sulphated; 

- K4 0S(NH2*) epimerized, partially desulphated and optionally 60 sulphated; 

are acetylated at pH ranging from 7 to 9 by acetic anhydride treatment at a 
concentration between 3 and 20 %. at temperature between 10°C and 35°C and 
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for a time preferably ranging from 1 to 10 hours. Under a prefenred method, the 
acetylatlon is perfomned by the addition of a quantity from 0.5 to 4.0 equivalents of 
NaOH and from 0.5 to 4.0 equivalents of acetic anhydride with respect to the 
moles of 0-sulphated polysaccharide at pH preferably ranging from 7.5 to 8.0 and 
5 stirred for a time preferably ranging from 1 to 3 hours, at temperature preferably 
comprised between 20X and SO^C. 

K4. K5 and K40 polysaccharides are obtained by femnentation of wild type E.Coii 
strains (w.t.) or of genetically modified E.Coll strains. K4 polysaccharide is 
generally used after defructosilatlon carried out according, for example, to the 

10 method as described by Rodriguezet al. Eur. J. Blochem. 1988. 177:117-124. K40 
polysaccharide can be used after elimination of the aminoacid serine. 
To obtain the reacetylated polysaccharide according to this invention, K4, 
defnjctosilated K4, K5, K40 polysaccharides are firstly deacetylated by hydrazine 
treatment or by highly concentrated hydroxides treatment. Deacetylation is 

15 performed preferably through sodium hydroxide or potassium hydroxide with a 
concentration ranging fromi to 3 M. 

Hydroxides treatment is prefen^ to hydrazine treatnnent since it causes a lower 
depollmerisation of the polysaccharide. 

Therefore, according to a partlculariy prefenred embodiment of the preparation 
20 process of 0-sulphated, N-reacetylated K5, K4, K40 pollsaccharides the process 
comprises essentially the following steps: a) N-deacetylation. b) O-sulphation, c) 
N-reacetylatlon. 

In step a) the N-deacetylatlon/N-sulphation of K5, K4 or defructosilated K4 or 
serine-free K40, Is canied out by hydrazine treatment or by highly concentrated 

25 hydroxides treatment. Deacetylation is preferably performed with sodium or 
potassium hydroxide with a concentration ranging from 1 to 3M. 
Even more preferably polysaccharides, and In particular purified K5; are 
solublllzed by 100-1000 ml of sodium hydroxide 2 M and then left at a temperature 
of 40-80'C up to 30 houre, till deacetylation completion. Thereafter 100-1000 ml of 

30 deionized or demineralized water are added to the solution and the mixture is 
brought to room temperature and to a pH ranging from 7.00 to 9.00 by 
hydrochloric acid. 
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To the solution maintained at 20-65°C and containing the deacetylated 
polysaccharide is added sodium carbonate and a sulphating agent selected from 
known sulphating reagents such as sulphur trioxide pyridine adduct or sulphur 
trioxide trimethylamine. Once the reaction is completed, the solution is taken to 
5 room temperature and then to neutral pH preferably between 7-7,5 pH with 
hydrochloric acid 1 M. 

The product is purified from salts through known techniques such as diafiltration, 
then is concentrated under vacuum and precipitated by ethanol or isopropyi 
alcohol or acetone. 

10 Aftenvartis, deacetylated polysaccharides are solubilized in H2O and the solutton 
is cooled down at 4-1 0°C. Then these polysaccharides are treated through a 
cation-exchange resin such as the Amberiite IR-120 H* resin (Rohm & Haas. 
Paris-France) or equivalent. After the passage of the solution containing the 
sample, the resin can be washed with deionized water. 

15 The solution containing the sample is then neutralized by addition of a tertiary or 
quaternary amine such as hydroxide tetrabutylammonium. The solution is reduced 
to minimum volume and lyophiiized. 

The obtained tetrabutylammonium salt is suspended in 20-1000 ml of N.N-DMF or 
DMSO and added with 15-300 g of a sulphating agent, for the O-sulphation step b) 
20 which is perfonmed by known techniques, and preferably by treatment with SOjr 
pyridine adduct In solid forni or in a solution of NiN-DMF or DMSO. The solution is 
maintained at a temperature comprised between 20-70°C. preferably between 40- 
60'C for a time comprised between 2-24 hours. 

Once the reaction is completed the solution is cooled down at room temperature 
25 and the polysaccharide is precipitated by ethanol saturated with Na- or K-acetate 
or isopropyi alcohol or acetone saturated with sodium chloride up to complete 
precipitation. 

The precipitate is. thereafter, separated from the solvent through, for example, 
filtration, solubilized by a minimum quantity of an aqueous solution comprising 
30 0,2 M NaCI and the solution is taken to neutral pH. preferably comprised between 
7 and 9, more preferably between 7,5-8 through a strong base such as sodium 
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hydroxide 2 M and added with acetone till complete precipitation of the 
polysaccharide. 

The obtained precipitate Is solubilized by 100-2000 ml of delonized water, purified 
from residual salts by ultrafiltration as described in step a) and. finally, dried under 

5 vacuum. The product is then reacetylated according to step c) of N-acetylatlon. 
The obtained polysaccharide is then solubilized in delonized H2O at room 
temperature; to the solution are, therefore, added between 0.5 and 4 equivalents 
of NaOH and between 0.5 and 4 equivalents of acetic anhydride with respect to 
the moles of 0-sulphated polysaccharide. The solution Is taken to neutral pH, 

10 preferably between 7 and 9, more preferably if between 7,5-8 with sodium 
hydroxide 2M and stirred for 1-3 hours at room temperature. 
Aflenwards the product is purified from salts through known techniques such as 
diafiltration using a spiral wrapped membrane with a size exclusion of about 1,000 
D. The process is completed once the conductivity of the pemneate is lower than 

15 100 \iS. The obtained product is concentrated under vacuum up to dryness at a 
temperature of 30-60'C. 

According to a further aspect, the process according to the present invention 
concerns the preparatton of epimerized O-sulphated, N-acetylated derivatives 
comprises essentially the following steps: 
20 a) N-deacetylation/N-sulphation of the K5 or K4 polysaccharides. 

b) Epimerization 

c) O-sulphation 

d) N-acetylation (re-acetylation). 

Step a) conceming N-deacetylation/N-sulphation of K5 or K4 or defructosilated K4 
25 polysaccharides is carried out by hydrazine treatment or by highly concentrated 
hydroxides treatment. Deacetylatlon Is pert'omied preferably by sodium or 
potassium hydroxide In concentration ranging from 1 to 3 M. Hydroxides treatment 
is preferred to hydrazine treatment since it causes a lower de-polymerisation in the 
polysaccharide. 

30 More preferably the polysaccharides, with particular reference to the purified K5, 
are solubilized by 100-1000 ml of sodium hydroxide 2 M and kept at 40-80'C for a 
time up to 30 hours till complete deacetylatlon. Thereafter 100-1000 ml of 



wo 03/106503 PCT/EP03/06164 




deionized or demineraiized water are added to the solution which is brought to 
room temperature and then to pH ranging from 7.00 to 9.00 by hydrochloric acid. 
The solution containing the deacetylated polysaccharide is maintained at 20-65°C 
and then added with sodium carbonate and a sulphating agent selected from 
s known sulphating reagents such as sulphur trioxide pyridine adduct or sulphur 
trioxide trimethylamine. Once the reaction is completed, the solution is taken to 
room temperature and to neutral pH. preferably at pH between 7 and 9, more 
preferably between 7 and 7.5, for example by hydrochloric acid 1 M. 
The product is purified from salts through known techniques such as diafiltration, 
10 then is concentrated under vacuum and precipitated by ethanol or Isopropyl 
alcohol or acetone. 

In step b) the epimerization is earned out in position C5 of the glucuronic acid of 
K5 polysaccharide (and defructosilated K4) then, in compliance with this aspect of 
the present Invention, it is performed by the glucuronyl C5 epimerase enzyme in 

IS solution or in immobilized form. 

The enzymatic epimerization is carried out through known techniques such as 
those described in patent WO 01/72848 where 05 epimerase enzyme, natural or 
recombinant, is immobilized on inert support which can be a resin functionalized 
with reactive groups using common techniques of activatton and binding for 

20 enzymes such as CNBr. Particulariy preferred is the epimerization carried out by 
dissolving in 20-1000 ml of solution 25 mM Hopes. 0.1 M KOI. 0.01% tritonXlOO, 
0.15 M EDTA at pH 6-7.4, an amount between 0.001 and 10 g of N-deacetylated 
N-sulphated K5 polysaccharide, which is recirculated at 30-160 ml/hrfor 1-48 hrs 
in a themriostatic column at 30-40°C, containing 1.2x10' to SxlO^Vcpm eq. of 

25 immobilized enzyme. Once the reaction is completed the sample is purified 
through passage on DEAE resin or by precipitation with 2 volumes of ethanol. As 
for K4 polysaccharide (defructosilated). the epimerization Is carried out with 
glucuronil 05 epimerase enzyme in compliance, with the conditions described by 
Hannesson HH et al. Biochem J. 15, 313; 589-596, 1996. 

30 Thereafter, the deacetylated polysaccharides are solubilized in H2O and the 
solution is then cooled down to 4-1 D'O and, aftenA/ards, said polysaccharides are 
treated through a cation-exchange resin such as Amberiite IR-120 (Rohm & 
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Haas, Paris-France) or equivalent. After the passage of the solution containing the 
sample, the resin can be washed with deionlzed water. 

The solution is taken at pH comprised between 6 and 9, preferably between 6,5 
and 7,5 with tetrabutylammonium hydroxide and the resulting solution 

5 concentrated under vacuum in a small volume and lyophillzed. 

Step c) concerning the 0-sulphation is performed according to known techniques, 
preferably through treatment by SO3 pyridine adduct in solid fomn or in a solution 
of N,N-DMF or DMSO. the solution is maintained at 20-70'C, preferably between 
40-60°C for 2-24 hours. 

10 Once the reaction Is completed the solution Is cooled down to room temperature 
and the polysaccharide can be precipitated by ethanol saturated with sodium or 
potassium acetate or with isopropyl alcohol or acetone saturated with sodium 
chloride up to complete precipitation. 

The precipitate is separated from the solvent, for example by filtration, then 
15 solubllized with minimum quantity of 0.2M NaCI and then the solution is taken to 
neutral pH, preferably comprised between 7 and 9. preferably connprised between 
7,5-8 with a strong base as for example sodium hydroxide 2 M and added with 
acetone till complete precipitation. 

The obtained precipitate is solubillzed by 100-2000 ml of deionlzed water, purified 
20 from residual salts by ultra filtration as described in step a) and dried under 
vacuum. 

In step d) concerning the N-acetylation, the product is reacetylated: the 
precipitated polysaccharide obtained according to the foregoing step is solubilized 
in deionlzed H2O at room temperature. 

25 The solution is added with 0.5-2 equivalents of NaOH and with 0.5-2 equivalents 
of acetic anhydride with respect to the moles of 0-sulphated polysaccharide. The 
solution is taken to neutral pH. preferably between 7 and 9, better if between 7,5-8 
with sodium hydroxide 2 M and stirred for 1-3 hours at room temperature. 
The product is then purified from salts through known techniques such as 

30 diafiltration using a spiral wrapped membrane by 1.000 D. The purification is 
sufficient when the conductivity of the penmeate is lower than 100 pS. The 
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Obtained product is concentrated under vacuum up to dryness at a temperature 
ranging from 30 to BCC. 

Under another point of view tlie invention relates to a process for the preparation 
of epimerized and partially desulphated and N-acetylated 0-sulphated derivatives 
characterized by the following steps: 

a) N-deacetylation/N-sulphation of polysaccharides, preferably K5 polysaccharide. 

b) Epimerization, 

c) O-sulphation, 

d) Partial desulphation, 

e) N-reacetylation. 

In step a) concerning N-deacetylation/N-sulphatlon of the polysaccharide, 
preferably K5. the deacetylation is canied but by hydrazine treatment or by highly 
concentrated hydroxides treatment. Deacetylation is preferably perfonmed by 
sodium or potassium hydroxide with a concentration ranging from 1 to 3 M. 
More preferably the polysaccharides, in particular purified K5, are solubilized by 
100-1000 ml of sodium hydroxide 2M and maintained at 40-80°C up to 30 hours till 
deacetylation completion. Thereafter 100-1000 ml of defonized or demineralized 
water are added and the solution is taken to room temperature and then to pH 
ranging from 7.00 to 9.00 through hydrochloric acid. 

The solution containing the deacetylated polysaccharide Is maintained at 20-65'C 
and added with sodium carbonate and a sulphating agent selected from known 
sulphating reagents such as sulphur trioxide pyridine adduct or sulphur trioxide 
trimethylamine. Once the reaction is completed, the solution is brought to room 
temperature and to neutral pH, preferably at pH comprised between 6.5 and 9, 
more preferably between 7-7.5, for example by hydrochloric acid 1 M. 
The product is purified from salts through known techniques such as diafiltration, 
concentrated under vacuum and precipitated by ethanol or isopropyl alcohol or 
acetone. 

Step b) concerning epimerization brings to epimerization in positfon C5 of the 
glucuronic acid of the K5 and defroctosilated K4 polysaccharides. The 
epimerization is perfonned by the glucuronil C5 epimerase enzyme in solution or 
in immobilized form. The enzymatic epimerization can be carried out by known 
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techniques such as those in patent WO 01/72848 where C5 epimerase enzyme, 
natural or recomibinant, is preferably immobilized on inert support which can be a 
resin functionalized with reactive groups using common techniques of activation 
and binding for enzymes such as CNBr. Particularly preferred is the epimerization- 

5 canied out by dissolving in 20-1000 ml of solution 25 mM Hopes, 0.1 M KCI, 
0.01% tritonXlOO, 0.15 M EDTA at pH 6-7.4, an amount between 0.001 and 10 g 
of N-deacetylated N-sulphated K5 polysaccharide, which is recirculated at 30-160 
ml/hr for 1-48 hrs In a thennostatic column at 30-40°C, containing 1.2x10^ to 
3x10" cpm eq. of Immobilized enzyme. Once the reaction is completed the 

10 sample is purified by passing on DEAE resin or by precipitation with 2 volumes of 
ethanol. As for K4 polysaccharide (defmctosilated). the epimerization is carried out 
with glucuronil 05 epimerase enzyme in compliance with the conditions described 
by Hannesson HH et al. Biochem J. 15, 313; 589-596, 1996. 
Thereafter, the deacetylated polysaccharide is solubilized in H2O and the solution 

15 is cooled down to 4-1 0'C and then treated on a cation-exchange resin such as the 
Amberiite IR-120 H* (Rohm & Haas, Paris-France) or equivalent. After the 
passage of the solution containing the sample, the resin can be washed with 
deionized water. 

The solution with optional washing is brought to pH comprised between 6 to 9, 
20 preferably from 6,5 to 7,5 with tetrabutylammonium hydroxide. The resulting 
solution is concentrated under vacuum in a small volume and lyophllized. 
Step c) concerning 0-sulphation is performed according known techniques, 
preferably through treatment with SO3 pyridine adduct in solid form or in a solution 
of N,N-DMF or DMSO. The solution is maintained at 20-70''C, preferably between 
25 40-60X, for 2-24 hours. 

Once the reaction is completed the solution is cooled down to room temperature 
and the polysaccharide can be precipitated by acetone saturated with sodium 
chloride up to complete precipitation. 

The precipitate is separated from solvent, for example through filtration, solubilized 
30 with minimum quantity of an aqueous solution of NaOl 0.2 M and then the resulting 
solution is taken to neutral pH, preferably between 7 and 9, more preferably 
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between 7.5 and 8 with a strong base such as sodium hydroxide 2 M and added 
with acetone till complete precipitation. 

The obtained precipitate is solubilized by 100-2000 mi of deionized water, purified 
from residual salts by ultrafiltration as described in step a) and dried under 
5 vacuum. 

In step d) concerning partial desulphation. the product is solubilized in deionized 
water and the solution is passed through cation-exchange resin IR-120 or 
equivalent The acid solution eluted by H2O Is brought to pH comprised between 
6.5-7.5 by adding pyridine and lyophilized. 

10 Preferably the pyridine salt of the polysaccharide is added with 20-2000 ml of a 
solution of DMSO/methanol according to a 9/1 VA/ ratio. The solution is 
maintained at 45-9QX for 1-8 hours. Once the reaction is completed, the solution 
is added with deionized water and the product precipitated by acetone saturated 
with sodium chloride. The obtained solid is solubilized with deionized water, the pH 

15 is brought, to pH 7-7.5 and purified through diafiltration on a spiral wrapped 
membrane having a cut-off of 1000 D and then concentrated and lyophilized under 
vacuum. 

Step e) conceming N-acetylation is carried out through solubilization of the 
polysaccharide, obtained in step d), in deionized H2O at room temperature. A 
20 quantity ranging from 0.5 to 2 eq. of NaOH and from 0.5 to 2 eq. of acetic 
anhydride with, respect to the moles of 0-sulphated polysaccharide are added to 
the solution. The solution is taken to 7.5-8 pH through sodium hydroxide 2IVI and 
stinred for 1-3 hours at room temperature. 

The product is then purified from salts through known techniques such as 
25 diafiltratton using a spiral membrane wrapped by 1,000 D. The purification is 

completed once the conductivity of the permeate is lower than 100 \iS. The final 

product is dried under vacuum at a temperature of 30-60°C. 

Likewise, the present invention relates to a process for the preparation of 

epimerized N-acetylated and 60-sulphated derivatives characterized by the 
30 following steps: 

a) N-deacetylation/N-sulphation of the polysaccharide, 

b) Epimerization 
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c) O-sulphation 

d) Partial desuiphation , 

e) 60-sulphation 

f) N-acetylation. 

5 In step a) concerning N-deacetylation/N-sulphation of the polysaccharide, 
preferably K5. the deacetylation Is carried out by hydrazine treatment or by highly 
concentrated hydroxides treatment. 

Preferably, the deacetylation is performed through sodium or potassium hydroxide 
in a concentration between 1 and 3 M. 
10 More preferably polysaccharides, particulariy purified K5. are solublllzed by 100- 
1000 mi sodium hydroxide 2M and maintained at 40-80 °C up to 30 hours, till 
complete deacetylation. 

A quantity of 100-1000 ml of deionlzed or demineralized water are added to the 
solution which is taken to room temperature and to pH ranging from 7.00 to 9.00 
15 with hydrochloric acid. 

The solution containing the deacetylated polysaccharide is maintained at 20-65 °C 
and then added with sodium cart}onate and a sulphating agent selected from 
known sulphating reagents, as for example pyridine-SOa or trimethylamine- SO3 
adducts. 

20 Once the reaction is completed the solution is cooled .down to room temperature 
and taken to neutral pH, preferably between 7 and 7,5 with hydrochloric acid 1M. 
The product is purified from salts through known techniques as for example 
diafiltration, concentrated under vacuum and precipitated by ethanol or isopropyl 
alcohol or acetone. 

2S In step b) concerning epimerization, the epimerizatlon is carried out in position C5 
of the glucuronic acid of K5 and defructosilated K4 polysaccharides. 
The epimerization is earned out by C5 epimerase glucuronyl enzyme in solution or 
in immobilized form. 

The enzymatic epimerization is earned out through known techniques such as 
30 those described in patent WO 01/72848 where 05 epimerase enzyme, natural or 
recombinant, is preferably immobilized on inert support which can be a resin 
functionalized with reactive groups using common techniques of activation and 
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binding for enzymes such as CNBr. Particularly preferred is the epimerization 
carried out by dissolving in 20-1000 ml of solution 25 mM Hepes, 0.1 M KCI. 
0.01% tritonXlOO, 0.15 M EDTA at pH 6-7.4. an amount between 0.001 and 10 g 
of N-deacetylated N-sulphated K5 polysaccharide, which is recirculated at 30-160 

5 ml/hr for 1-48 hrs In a thennostatic column at 30-40X. containing 1.2x10^ to 
3x10" cpm eq. of immobilized enzyme. Once the reaction is completed the 
sample is purified through passage on DEAE resin or by precipitation with 2 
volumes of ethanol. As for K4 polysaccharide (defmctosiiated), the epimerization 
is carried out with glucuronyl CS epimerase enzyme in compliance with ttie 

10 conditions described by Hannesson HH et al. Biochem J. 1 5. 31 3; 589-596. 1 996. 
Afterwards deacetylated polysaccharides are solubilized in H20 and the solution is 
cooled down to 4-10 'C and then treated through cation-exchange resin IR-120 H* 
or equivalent. After the passage of the solution containing the sample, the resin 
can be washed with deionized water. 

15 The solution is brought to pH comprised from 6 to 9, preferably comprised from 6.5 
to 7.5 with tetrabutylammonium hydroxyde. The resulting solution is concentrated 
under vacuum in a small volume and lyophilized. 

Step c) concerning the 0-sulphatation is perfonned through known techniques, 
preferably through treatment by SO3 pyridine adduct in solid form or in a solution 
20 of N.N-DMF or DMSO. The solution is maintained at 20-70'C. preferably between 
40-60°C for 2-24 hours. 

Once the reaction is completed the solution is cooled down to room temperature 
and the polysaccharide Is precipitated by ethanol or isopropyl alcohol saturated 
with sodium or Potassium Acetate or acetone saturated with sodium chloride up to 

25 complete precipitation. 

The precipitate is separated from the solvent, for example through filtration, then 
solubilized with minimum quantity of 0.2M NaCI aqueous solution and the solution 
is taken to neutral pH. preferably comprised between 7.5 and 8 with a strong base, 
as for example sodium hydroxide 2 M and added with acetone till complete 

30 precipitation. 
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The obtained precipitate is solubilized by 100-2000 ml of deionized water, purified 
from residual salts by ultrafiltration as described in step a) and then dried under 
vacuum. 

In step d) concerning partial desulphation, the solution containing the obtained 
5 product is solubilized with deionized water and passed through cation-exchange 
IR-120 resin or equivalent. The acid solution, eluted by H2O is then brought to 
pH comprised between 6.5-7.5 by adding pyridine and lyophilized. The pyridine 
salt of the polysaccharide is added with 20-2000 ml of a solution of 
DMSO/methanol according to a 9/1 VA/ ratio. The solution is maintained at 45- 

10 90^*0 for 1-8 hours. Once the reaction is completed, the solution is added with 
deionized water and precipitated by addition of acetone saturated with sodium 
chloride. The obtained solid is solubilized with deionized water, the pH is brought 
to 7-7.5 and the polysaccharide purified through diafiltration on a spiral wrapped 
membrane having a cut-off of 1000 D and then concentrated and lyophilized under 

15 vacuum. 

Step e) concerning 60-sulphation is preceded by salification of the product 
obtained in d) with hydroxide tetrabutylammonium. The solid is solubilized in 
deionized water and the solution is treated through a cation exchange resin IR- 
1201^4*^ or equivalent. After the passage of the solution containing the sample, the 

20 resin can be washed with deionized water. The solution is brought to pH 
comprised from 61 to . 9, preferably comprised from 6.5 to 7.5 with tetrabutyl 
ammonium hydroxide. The resulting solution is concentrated under vacuum in a 
small volume and lyophilized. The tetrabutylammonium salt thus obtained is 
suspended in 20-500 ml of DMF. The suspension is then cooled down to O^^C and 

25 it is added with a sulphating agent such as for example, pyridine SO3 adduct. 

The solution is maintained at 0-5'*C for a time comprised between 0.5-3 hours. 
Then it is added with acetone saturated witti sodium chloride up to complete 
precipitation. 

The obtained precipitate is solubilized through 100-2000 ml of deionized water, 
30 purified from residual salts by ultrafiltration and dried under vacuum. 

The product is then reacetylated, according to step f) concerning N-acetylatlon. In 
this step, the polysaccharide resulting from the previous step is solubilized in 
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deionized H2O at room temperature. The solution is added with 0.5-2 equivalents 
of NaOH and with 0.5-2 equivalents of acetic anhydride with respect to the moles 
of 0-sulphated polysaccharide. The solution is taken to neutral pH. preferably 
comprised between 7-8 with sodium hydroxide 2M and stirred for 1-3 hours at 

5 room temperature. 

The product is then purified from salts through known techniques as for example 
through diafiltration using a spiral wrapped membrane by 1000 D cut-ofF. 
The process is completed when the conductivity of the permeate is lower than 100 
pS. The obtained product is concentrated and dried under vacuum at a 

10 temperature of 30-60°C. 

The present invention relates also to a process for the preparation of products 
deriving from chemical reacetylation and in particular 0-sulphated and N- 
reacetylated polysaccharides obtainable from N-reacetylation of deacetylated and 
N-sulphated polysaccharides, with acetic anhydride in a concentration ranging 

15 from 3 to 20%, at pH between 7-9, at temperature between 10 and 35°C, of those 
intemnediate products selected from the group consisting of: 

- K5 0S(NH2*) 

- K4 0S(NH2*) 

- K40OS(NH2*) 

20 - K5 0S(NH2*) epimerized 

- K4 0S(NH2*) epimerized 

- K5 0S(NH2*) epimerized, partially desulphated, optionally 60-sulphated 

- K4 0S{NH2*) epimerized, partially desulphated, optionally 60-sulphated 

The acetylation is preferably canied out after solubilization of the polysaccharide in 
25 deionized H2O at room temperature. The solution is added with 0.5-4 eq. of NaOH 
and with 0.5-4 eq. of acetic anhydride with respect to the moles of 0-sulphated 
polysaccharide. The solution is taken to neutral pH. preferably between 7-9, more 
preferably between 7.5-8 with sodium hydroxide 2M and stinred for 1-3 hours at 
room temperature. 

30 The products obtainable by a reacetylation step are recognizable from the 
con-esponding naturally acetylated polysaccharides, as the degree of acetylation 
can be modulated and standardised and can be maintained lower than 100%, 
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preferably between 20% and 99%, or more preferably between 50% and 95%, 
wherein a 100% Is referred to the degree of acetylatlon of the naturally acetylated 

product. 

Particularly prefen^ are those reacetylated products obtained from K5 
polysaccharide, in particular 0-sulphated. N-reacetylated K5. having a degree of 
acetylatlon preferably ranging from 50 to 95%. 

Moreover, polysaccharides obtainable through said process are characterized by a 
characteristic NMR spectmm which, for 0-sulphated and N-reacetylated 
polysaccharides, is different from the spectmm characterizing naturally acetylated 
polysaccharides. Characteristic Is also their molecular weight, which is 10-40% 
lower than the molecular weight of the con«spdndlng 0-sulphated, naturally 
acetylated products (i.e. not deacetylated and not reacetylated). 
According to a further embodiment, the invention relates also to phannaceutical 
products containing, as the phamiacologically active ingredient, at least one of the 
bacterial polysaccharides chosen among: 0-sulphated K5, K4, defructosllated K4 
and K40 (sulphated through direct sulphatlon In heterogeneous phase) or at least 
one of the bacterial polysaccharides chosen among 0-sulphated, N-sulphated and 
epimerized K5, K4. defmctosllated K4 for the treatment and prevention of: sepsis, 
septic shock, osteoarthritis, rtieumatoid arthritis, pathologies associated with or 
characterized by acute inflammation and/or chronic Inflammation, ulcerative colitis, 
Crohn's disease. 

Moreover the invention comprises phannaceutical compositions containing as 
phamiaceutically active ingredient at least one of the polysaccharides K5. K4, 
defmctosllated K4, K40, 0-sulphated (through sulphatlon In homogeneous phase) 
and N-reacetylated. optionally even epimerized. and furthennore optionally even 
partially desulphated and even 60-sulphated In combination or mixture with a 
pharmaceutically suitable inert excipient. 

The characteristics and the advantages of the products obtained according to this 
invention and of the process to prepare bacterial polysaccharides used In this 
invention will be described in details in the experimental section, which does not 
represent any practical limit. 
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Accoixling to a further embodiment the Invention Is related to a therapeutic method 
comprising administering a therapeutically effective amount of an 0-sulphated 
polysaccharide selected In the group consisting of: K5, K4, defructosilated K4, K40 
for treating or preventing pathologies resulting from or associated to an altered 

5 production of at least a pro-Inflammatory cytokine to a patient in need of such a 
treatment As a way of example: sepsis, septic shock, osteoarthritis, rtieumatoid 
arthritis or in general autoimmune diseases, pathologies associated with or 
characterized by acute and/or chronic inflammation, ulcerative colitis, Crohn's 
disease may benefit from the use of these polysaccharides. 

10 Simllariy, is comprised in the present invention a therapeutic method comprising 
administering a therapeutically effective amount of a 0-sulphated and N- 
reacetylated polysaccharides obtainable by applying the process described and 
characterized by an acetylation degree lower than the corresponding natural 
polysaccharide, for treating or preventing pathologies resulting from or associated 

15 to an altered production of at least a pro-inflammatory cytokine to a patient in need 
of such a treatment As a way of example: sepsis, septic shock, osteoarthritis, 
neoplastic diseases, riieumatoid arthritis or in general autoimmune diseases, 
pathologies associated with or characterized by acute and/or chronic inflammation, 
ulcerative colitis, Crohn's disease, may benefit from the use of these 

20 polysaccharides. 

Example 1: Preparation of O-sulohated. N-acetvlated K5 polysa ccharide 
Firstly the process was earned out through a) N-deacetylation/N-sulphation: 25 g. 
of purified K5 polysaccharide are solubilized with 100-1000 ml of sodium 
hydroxide 2M and maintained at 40-80°C up to 30 hours, till complete 

25 deacetylation. 

After the adding of 100-1000 ml of deionized or demineralized water, the solution 
was taken to 20-30°C and to pH 7.5 by hydrochloric acid. 
The solution containing deacetylated K5 was maintained at 20-65°C and added 
with 10-50 g of sodium caribonate and 10-50 g of a sulphating agent selected from 
30 sulphating reagents as for example the pyridine sulphur trioxide or trimethylamine 
sulphur trioxide adduct. The adding of sulphating agent was performed in a time 
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up to 6 hours. After completion of the reaction, the solution was taken to a 
temperature ranging from 20 to 30 'C and to pH of 7-7.5 by hydrochloric acid 1M. 
The product was purified from salts through known techniques., as for example 
through diaflltration by using a spiral wrapped membrane by 1000 D. 

5 The process was completed when the conductivity of the permeate was lower than 
100 pS. The obtained product was concentrated under vacuum, cooled down to 4- 
10'C and precipitated by ethanol or isopropyl alcohol or acetone, 
b) 0-sulphation: N- deacetylated and N-sulphated K5 polysaccharide was 
solubilized in H2O and the solution was cooled down to 4-1 0'C and then treated 

10 on cation-exchange IR-120H+ resin or equivalent. 

After the passage of the solution containing the sample, the resin was washed with 
deionlzed water. 

The solution containing the sample was then neutralized with tertiary or quaternary 

amine, as for example tetrabutylamonium hydroxide. 
15 The solution was reduced to minimum volume and lyophilized. 

The tetrabutylamonium salt was suspended in 20-1000 ml of N.N-DMF or DMSO 

and added with 15-300 g of a sulphating agent as for example pyridine SO3 adduct 

in solW fonn or in solution of N.N-DMF or DIVISO. The solution was maintained at 

20-70'C, preferably between 40-60"C for 2-24 hours. • 
20 Once the reaction was completed, the solution was cooled down to room 

temperature and added with acetone saturated with sodium chloride up to. 

complete precipitation. 

The precipitate was separated from the solvent by filtration, solubilized with a 
minimum quantity of a 0.2 M NaCI aqueous solution and the solution was taken to 
25 pH 7.5-8 with sodium hydroxide 2 M and added with acetone up to complete 
precipitation. 

The obtained precipitate was solubilized with 100-2000 ml of deionized water, 
purified from residual salts by ultrafiltration as described in step a) and dried under 
vacuum. 
30 c) N-acetyiation 
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0-sulphated K5 polysaccharide deriving from step b) was solubilized in deionized 
H2O at room temperature. The solution was added with 0.5 to 2 eq. of NaOH and 
0.5 to 2 eq. of acetic anhydride with respect to the moles of 0-sulphated K5. 
The solution was talcen to pH 7.5-:8 by sodium hydroxide 2 M and stinred at -room 

5 temperature for 1-3 hours. 

The product was then purified from salts through known techniques as for example 
through diafiltration using a spiral wrapped membrane by 1000 D. 
The process was completed when the conductivity of the pemneate was lower than 
100 mS. The obtained product was concentrated till dried under vacuum, at a 

10 temperature of 30-60*C. 

Example 2: Preparation of O-sulohated. N-acetvlated K4 polysaccharide 
Firstly the process was earned out through a) N-deacetylation/N-sulphation: 25 g. 
of defiructosilated purified K4 polysaccharide are solubilized with 100-1000 ml of 
sodium hydroxide 2M and maintained at 40-80'C up to 30 hours, till complete 

IS deacetylation. 

After the adding of 100-1000 ml of deionized or demineralized water, the solution 
was taken to a temperature ranging from 20 to 30*C and to pH 8.00-9.00 by 
hydrochloric acid. 

The solution containing deacetylated K4 was maintained at 20-65''C and added 
20 with 10-50 g of sodium carbonate and 10-50 g of a sulphating agent selected from 
sulphating reagents as for example the. pyridine sulphur trioxide.or trimethylamine 
sulphur trioxide adducL The adding of sulphating agent was perfonned in a time 
up to 6 hours. After completion of the reaction, the solution was takeri to a 
temperature ranging from 20 to 30 "C and to pH 7-7.5 by hydrochloric acid 1 M. 
25 The product was purified from salts through known techniques, as for example 
through diafiltration by using a spiral wrapped membrane by 1000 D. 
The process was completed when the conductivity of the permeate was lower than 
100 pS. The obtained product was concentrated under vacuum, cooled down to. 4- 
10°C and precipitated by ethanol or isopropyl alcohol or acetone. 
30 b) 0-sulphation: 
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The N-deacetylated K4 polysaccharide N-sulphated was soiubilized in H2O and 
the solution was cooled down to 4-10X and then treated on cation-exchange IR- 
1 20H-^ resin or equivalent. 

After the passage of the solution containing the sample, the-resin was washed with 
5 deionized water. 

The solution containing the sample was then neutralized with tertiary or quaternary 
amine, as for example tetrabutylamonium hydroxide. 
The solution was reduced to minimum volume and lyophilized. 
The tetrabutylamonium salt was suspended in 20-800 ml of N.N-DMF or DMSO 
10 and added with 1 5-300 g of a sulphating agent as for example pyridine SO3 adduct 
In solid fomi or in solution of N.N-DMF or DMSO. The solution was maintained at 
20-70''C. preferably between 40-6b°C for 2-24 hours. 

Once the reaction was completed, the solution was cooled down to room 
temperature and added with acetone saturated with sodium chloride up to 

IS complete precipitation. 

The precipitate was separated from the solvent by filtration, soiubilized with 
minimum quantity of a 0.2 M NaCI solution and the solution was taken to pH 7.5-8 
with sodium hydroxide 2 M and added with acetone up to complete precipitation. 
The obtained precipitate was sojubilized with 100-2000 ml of deionized water, 

20 purified from residual salts by ultrafiltration.as described in step a) and dried under 
vacuum, 
c) N-acetylation 

0-sulphated K4 polysaccharide deriving from step b) was soiubilized in deionized 
H2O at room temperature. The solution was added with 0.5 to 2 eq. of NaOH and 
25 0.5 to 2 eq. of acetic anhydride with respect to the moles of 0-sulphated K4. 

The solution was taken to pH 7.5-8 by sodium hydroxide 2 M and stirred at room 
temperature for 1-3 hours. 

The product was then purified from salts through known techniques as for example 
through diafiltration using a spiral wrapped membrane by 1000 D. 
30 The process was completed when the conductivity of the permeate was lower than 
100 \jS. The obtained product was concentrated till dried under vacuum, at a 
temperature of 30-60°C. 
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Example 3: Preparation of O-sulohated. N-acetvlated K40 polysaccharide 
Firstly the process was carried out through a) N-deacetylation/N-sulphation: 25 g. 
of purified K40 polysaccharide, free from the aminoacid serine, are solubilized with 
100-1000 ml of sodium hydroxide 2M and maintained at 40-80X up to 30 hours, 
5 till complete deacetylation. 

After the adding of 100-1000 ml of deionized or demineralized water, the solution 
was taken to a temperature ranging- from 20 to 30^ and to pH 8.00-9.00 by 
hydrochloric acid. 

The solution containing deacetylated K40 was maintained at 20-65''C and added 
10 with 10-60 g of sodium cartx}nate and 10-60 g of a sulphating agent selected from 
sulphating reagents as for example the pyridine sulphur trioxide or trimethylamine 
sulphur trioxide adduct. The adding of sulphating agent was performed in a time 
up to 6 hours. After completion of the reaction, the solution was taken to a 
temperature ranging from 20 to 30 X and to pH 7-7.5 by hydrochloric acid 1M. 
15 The product was purified from salts through known techniques, as for example 
through diafiltration by using a spiral wrapped membrane by 1000 D. 
The process was completed when the conductivity of the permeate was lower than 
100 mS. The obtained product was concentrated under vacuum, cooled down to 4- 
10*^0 and precipitated by ethanol or isopropyl alcohol or acetone. 
20 b) 0-sulphation: 

N-deacetylated and N-sulphated K40 polysaccharide was solubilized in H2O and 
the solution was cooled down to 4-10''C and then treated on cation-exchange IR- 
120H'^ resin or equivalent. 

After the passage of the solution containing the sample, the resin was washed with 
23 deionized water. 

The solution containing the sample was then neutralized with tertiary or quaternary 

amine, as for example tetrabutylamonium hydroxide. 

The solution was reduced to minimum volume and lyophilized. 

The tetrabutylamonium salt was suspended in 20-1000 ml of N.N-DMF or DMSO 
30 and added with 1 5-300 g of a sulphating agent as for example pyridine SO3 adduct 

in solid fomi or in solution of N.N-DMF or DMSO. The solution was maintained at 

20-70X. preferably between 40-60'*C for 2-24 hours. 
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Once the reaction was completed, the solution was cooled down to room 
temperature and added with acetone saturated with sodium chloride up to 
complete precipitation. 

The precipitate was separated from the solvent by filtration, solubilized with 
5 minimum quantity of a 0.2 M NaCI solution and then the solution was taken to pH 
7.5-8 with sodium hydroxide 2 M and added with acetone up to complete 
precipitation. 

The obtained precipitate was solubilized with 100-2000 ml of deionized water, 
purified from residual salts by ultrafiltration as described in step a) and dried under 
10 vacuum. 

c) N-acetylation 

0-sulphated K40 polysaccharide deriving from step b) was solubilized in deionized 
H2O at room temperature. The solution was added with 0.5 to 4 eq. of NaOH and 
0.5 to 4 eq. of acetic anhydride with respect to the moles of 0-sulphated K40. 
15 The solution was taken to pH 7.5-8 by sodium hydroxide 2 M and stin-ed at room 
temperature for 1-3 hours. 

The product was then purified from salts through known techniques as for example 
through diafiKration using.a spiral wrapped membrane by 1000 D. 
The process was completed when the conductivity of the permeate was lower than 
20 100 \iS. The obtained product was. concentrated till dried under vacuum, at a 
temperature of 30-60'C. 

Example 4: Preoaration of 0-solDhated eovmeri zed. N-acetvlated K5 

polysaccharide 

Firstly the process was earned out through a) N-deacetylation/N-sulphation. This 
25 step was identical to step a) in example 1. In the step b) of epimerization, the 
epimerization in position 05 of glucuronic acid of K5 polysaccharide was 
performed by the glucuronil 05 epimerase enzyme in solution or in immobilized 
fomi The epimerization was earned out through known techniques such as those 
described in patent WO 01/72848 where 05 epimerase enzyme, natural or 
30 recombinant, was immobilized on inert support (a resin functlonalized with reactive 
groups using common techniques of activation and binding for enzymes such as 
ONBr). 20-1000 ml of solution 25 mM Hepes, 0.1 M KOI, 0.01% tritonXIOO. 0.15 M 
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EDTA at pH 6-7.4, and 0.001-10 g of N-deacetylated N-sulphated K5 
polysaccharide are recirculated at 30-160 ml/hr for 1-48 hours In a thermostatic 
column at 30-40'C. containing 1.2x10' to 3x10^^ cpm eq. of immobilized enzyme. 
Once the reaction was completed the sample was purified through passage- on 
5 DEAE resin or by precipitation with 2 volumes of ethanol. 

c) 0-sulphation 

The solution containing the epimerized product derived from previous step was 
treatisd according to step b) in example 1. 

d) N- acetylation 

10 This step was identical to step c) In example 1 . 

Fyampip 5: Preparation of 0-Sulphated eoim erized. partially desuiohated and N- 

acetvlated K5 polysaccharide 
a) N-deacetylation/N-sulphation of K5 polysaccharide. 
This step was identical to step a) in example 1 . 
15 b) Epimerization: this step was Identical to step b) in example 4. 

c) 0-sulphation: this step was identical to step c) in example 4. 

d) Partial desulphation. 

The solution containing the product resulting from step c) was passed through 
cation-exchange resin IR-120 H* or equivalent. The acid solution eluted through 

20 H2O was then neutralized by adding pyridine. 

The obtained pyridine salt was added with 20-2000 ml of a solution of 
DMSO/methanol (9/1 V/V). The solution was maintained at 45-90'C for 1-8 hours. 
Once the reaction was completed, the solution was cooled at room temperature 
added with water and precipitated by acetone saturated with sodium chloride. The 

25 obtained solid was solubilized in water and purified through diafiltration on a spiral 
wrapped membrane having a cut-off of 1000 D and then concentrated and 
lyophilized under vacuum. 

e) N-acetylation 

This step v)/as identical to step c) in example 1 . 
30 Example 6: preoafation of O-suiohated epimerized. 60 -sulphated and N-acetvlated 

K5 polysaccharide 

a) N- deacetylation/N-sulphation of K5 or K4 or K40 polysaccharide 
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This Step was identical to step a) in example 1. 
b) Epimerization 

This step was identical to step b) in example 4. 
. c) O-sulphation 
s This step was identical to step b) in example 1 . 

d) Partial desulphation 

This step was identical to step d) in example 5. 

e) 60-sulphation 

The solution containing the product from step d) was treated as described in step 
10 b) in example 1 as to obtain tetrabutylamonium salt. 

The solution was then concentrated and lyophlllzed under vacuum. 
Tetrabutylamonium salt was suspended In 20-500 ml of OMF. The ^sponsion 
was cooled down to O'C and treated with a sulphating agent, as for example 
pyridine SO3 adduct. 

15 The solution was kept at 0-5 °C for 0.5-3 hours. Thereafter the solution was 
treated with acetone saturated with sodium chloride up to complete precipitation. 
The obtained precipitate was solubilized with 100-2000 ml of deionized water, 
purified from residual salts by ultrafiltration and lyophlllzed under vacuum. 

f) N-acetylation 

20 This step was identical to step c) In example 1. 

0-sulphated polysaccharides under this Invention are characterized by a 
molecular weight from 1000 to 60.000 Da. by a sulphates/carboxyls ratio ranging 
from 0.5 to 4.0 and by a N-acetylation percentage ranging from 0 to 99%. 
Example 7: Inibition of the oroduction of pro^inflammatorv cytokines ILIal oha. IL6 

25 and TNFalDha bv the Q-sulohated. N-reacetvlated K5 polysacch aride in 
mononucleate human cells 

The 0-sulphated, N-acetylated K5 polysaccharide produced as described in 
example 1, has been used for an in vitro test of inhibition of the production of pro- 
inflammatory cytokines as follows: mononucleate cells deriving from peripheral 
30 blood sampled from healthy subjects were used during the trial. Initially, the blood 
was centrifuged twice at 120 g for 10 minutes to remove platelets; the 
mononucleate cells were then separated through centrifugation in Ficolt-Hypaque 
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gradient (Boyum A. Scand J. Immunol 5:9, 1976) and washed twice through 
phosphate buffered saline to remove further contaminants. 
The mononucleate cells were re-suspended in buffer RPMI-1640 (GIBCO. Grand 
Island, NY) containing gentamicin (100 (jg/ml). 

5 The mononucleate cells thus obtained from peripheral blood were identified by 
colouring through a-naphtylacetate esterase and by citometric analysis using 
0KM14, OKPanB. 0KT3 monoclonal antibodies (Ortho Diagnostic System). The 
percentage of monocytes in the preparation was 20.4% ± 1.7%, the vital cells 
(tiiptan blue method) were 98%, moreover the preparation contained lower than 

10 2% polymorphonucleate leucocytes and lower than 1% platelets. 

The levels of cytokines IL-lbeta. IL6 and TNF alpha were measured, through an 
immunoenzymatic method, in the mononucleate cells isolated from peripheral 
blood, both with or without lipopolysaccharides (lipopolysaccharides from 
Escherichia coli serotype 0111:84, Sigma USA) as stimulating factor, or in 

15 presence of lipopolysaccharides (LPS) and of 0-sulphated, N-acetylated K5 
polysaccharide (KSOSNAc) prepared as in example 1 at high degree of sulphation 
(KSOSNAc-H) (sulphates/carboxyl ratio equal or higher than 3) or at low degree of 
sulphation (KSOSNAc-L) (sulphates/cart)Oxyls ratio lower than 3) after cells 
incubation at 37°C in moisturized atmosphere with 5% cartjon dioxide for 3 or 4 

20 hours. 

The results are in table 1 . 

O-sulphated, N-sulphated epimerized K5 polysaccharide was also tested and the 
relevant results are in table 1 . 

From table 1 it should be noted that the presence of O-sulphated, N-acetylated K5 
25 or O-sulphated N-suiphated epimerized K5 in the suspension of cells after 
Incubation for 3 hours, diminishes the production of cytokines IL-1 beta, IL-6 and 
TNF-alpha. 

Both K5 polysaccharide and the O-sulphated, N-suiphated K5 derivative and the 
N-sulphated epimerized K5 derivative do not alter or modify in a very small 
30 amount, at the same conditions, the production of said cytokines. 

The anti-coagulant activity of K5 polysaccharide and K5 polysaccharide 
derivatives described in table 1 was measured as Xa anti-factor activity in 
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comparison with Xa anti-factor activity of heparin. The Xa anti-factor activity of 
polysaccharides was between 0 and 15% of the activity Ibund, at the same 
conditions, for heparin. . 



wo 03/106503 PCT/EP03/06164 




Table 1: Inhibitory effect of 0-sulphated polysaccharides on pro-inflammatory 
cytokines production after 3 hours incubation (minimum and maximum obtained 
values). 



Suiphatsd . 


Dilution 


Inhibition % of 


Inhibition % of 


Inhibition % of 


Polysaccharide 






IL1b 


IL6 production 


TNF 








production in 


In 


production in 








vnononucioaio 


mononucieBiB 


inononuciBalB 










cfillfi Qfimijlafoci 


CfillS 








stimulated by 


by LPS 


Stimulated by 








LPS 




LPS 


K5 polysaccharide 


1 


:100 


0.12-0.84 


0.01-0.65 


0.32-0.94 


K5 0S,NaG-H (Ex.1) 


1 


:100 


36.3-50.95 


25.58-53.67 


22.04-62.46 


K5 0S,Nao-H(Ex.1) 


1 


200 


16.89-49.17 


11.61-45.04 


12.59-43.53 


K5 0S.Nac-L(Ex.1) 


1 


100 


18.04-50.48 


13.92-45.31 


23.12-50.47 


K5 0S. NS (WO 98/09636) 


1 


100 


0.5-4.79 


9.98-17.8 


2.19-10.00 


K5 OS.NS epi (WO 96/14425) 


1- 


100 


39.97-68.37 


34.07-66.4 


34.83-73.13 


K5 OS.NS epi (WO 96/14425) 


1: 


200 


23.29-32.7 


20.56-37.47 


20.7-25.31 


K5NS epi 


1: 


100 


nd 


nd 


2.2-8.02 



H: sulphates/carboxyls ratio equal or higher than 3. 
L: sulphates/carboxyls ratio lower than 3. 
nd: not measured 
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CLAIMS 

1. Pharmaceutical compositions suitable for treatment or prevention of 
pathologies resulting from - or associated to - an altered production of at least one 
pro-inflammatory cytokine said compositions comprising effective amounts of O- 
sulphated polysaccharide or derivatives thereof selected in the group consisting of: 
K5, K4, defructosilated K4, K40, in combination with phamnacologically acceptable 
excipients or diluents. 

2. Phamiaceutical compositions according to claim 1 wherejn such pro- 
inflammatory cytokines are selected in the group consisting of: TNF, IL-1 , IL-6. 

3. Phamiaceutical compositkins according to claim 1 \ wherein said 
polysaccharide is 0-sulphated by direct sulphation in a heterogeneous phase, 

4. Pharmaceutical compositions according to claim 1, wherein said 
polysaccharide is O-sulphated by sulphation in a homogeneous phase. 

5. Phamiaceutical compositions according to claim 3 wherein the O-sulphated 
polysaccharide is also epimerized and N-resulphated. 

6. Phamiaceutical compositions according to claim 4 wherein the O-sulphated 
polysaccharide is chemically reacetylated. 

7. Phannaceutical compositions according to claim 6 wherein said O-sulphated 
polysaccharide has a sulphates/carboxyls ratio of at least 3, or preferably at least 
3.5. 

8. Pharmaceutical compositions according to claim € wherein said polysaccharide 
isK5. 

9. Pharmaceutical compositions according to claim 8 wherein the polysaccharide 
is characterized by the NMR spectrum presented in figure 1 . 

10. Phamiaceutical compositions according to claim 6 wherein the O-sulphated 
and N-acetylated polysaccharide is also epimerized and partially desulphated. 

11. Pharmaceutical compositions according to claim 10 wherein the O-sulphated, 
N-acetylated. epimerized, partially desulphated polysaccharide is further 60- 
sulphated. 

12. Pharmaceutical compositions according to claim 3 for the treatment or 
prevention of pathologies selected in the group consisting ofacute or chronic 
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inflammation, autoimmune diseasiss, septic shock, myocardial isciiemia. 
atherosclerosis, cachexia. 



prevention of pathologies selected in the group consisting of: acute or chronic 
5 inflammation, autoimmune diseases, septic shock, myocardial ischemia, 
atherosclerosis, cachexia, rhematoid arthritis, neoplastic diseases. 
14. Pharmaceutical compositions according to claim 12 wherein said rheumatoid 
arthritis has a viral etiology and said cachexia is associated with viral or bacterial 
infections. 

10 15. Pharmaceutical compositions according to claim 13 wherein saki rheumatoid 
arthritis has a viral etiology and said cachexia is associated with viral or bacterial 
infections. 

16. Pharmaceutical compositions according to claim 12 wherein pathologies 
associated with or characterized by acute or chronic inflammatbn are selected in 

IS the group consisting of: Chron's disease, intestinal inflammation, ulcerative colitis, 
osteoarthritis. 

17. Pharmaceutical compositions according to claim 13 wherein pathologies 
associated with or characterized by acute or chronic inflammation are selected In 
the group consisting of: Chron's disease, intestinal inflammation, ulcerative colitis. 

20 osteoarithritts. 

18. Phanmaceutical compositions according to claim 6 wherein the 0-sulphated 
bacterial polysaccharide is selected in the group consisting of: K5. K4, 
defaictosilated K4, K40 polysaccharides characterized in that said 
polysaccharides are chemically reacetylated and are further characterized by a 

25 degree of 0-sulphation of at least 3 and by a degree of acetylation lower than 
100%. 

19. Phamiaceutical compositions according to claim 18 wherein the Is O- 
sulphated, N-reacetylated polysaccharide is the K5 polysaccharide and its degree 
of acetylation is comprised from 50% to 95%. 

30 20. Pharmaceutical compositions according to claim 19 wherein the 
polysaccharide is characterized by the NMR spectrum shown in figure 1. 



13. Pharmaceutical compositions according to claim 4 for the treatment or 
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21. Pharmaceutical compositions according to claim 18 wherein tfie 
polysaccharides are further optionally: epimerized, partially desulphated, and 60- 
sulphatated. 

22. Process for the preparation of 0-sulphated and N-acetylated polysaccharides 
5 with a degree of acetylatlon lower than 100% selected from the group consisting 

of: K4, defructosiiated K4, K5, K40 comprising a step of chemical reacetyiation. 

23. Pnscess according to claim 22 wherein a 0-sulphated polysaccharides 
selected in the group consisting of: 

- K5 0S(NH2*); 
10 - K4 0S(NH2*); 

- K40OS(NH2*); 

- epimerized K5 0S(NH2^); 

- epimerized K4 0S(NH2*); 

- epimerized, partially desulphated and optionally 60 sulphated K5 0S(NH2^); 

15 - epimerized, partially desulphated and optionally 60 sulphated K4 0S(NH2^), is 
chemically re-acetylated essentially by treating said polysaccharides with a 
solution of acetic anhydride in concentretion from 3% to 20%, with pH from 7 to 
9, at a temperature fix)m 10°C to 35*0, for a time of at least 1 -hour. 

24. Process according to clairn 23 wherein said acetylatlon is canried • out by 
20 addition of 0.5-4 equivalents of NaOH and 0.5-4 equivalents of acetic anhydride 

with respect to the moles of 0-sulphated polysaccharide, at p.H from 7.5 to 8. and 
that the solution is stirred for 1-3 hours at a temperature from 20°C to 30''C. 

25. Process according to claim 22 wherein acetylatlon is followed by at least one 
of the following purification steps: precipitation of the polysaccharide by organic 

25 solvents optionally saturated with monovalent saKs, diafiltration, exsiccation. 

26.0-sulphated and N-reacetylated polysaccharides obtainable by the process 
according to claim 22. 

27. Purified 0-sulphated and N-reacetylated polysaccharides obtainable by the 
process according to daim 25. 
30 28. A therapeutic method comprising administering a therapeutically effective 
amount of an 0-sulphated polysaccharide selected in the group consisting ot K5. 
K4, defructosiiated K4. K40 for treating or preventing pathologies resulting from or 
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associated with an altered production of at least a pro-inflammatory cytokine 
selected in the group consisting of TNF-a. IL-1. IL-6 to a patient in need of such a 
treatment 

29. A therapeutic method comprising administering a therapeutically effective 
s amount of a 0-sulphated and N-re-acetylated polysaccharides according to claim 
27 for treating or preventing pathologies resulting from or associated to an altered 
production of at least a pro-inflammatory cytokine to a patient in need of such a 
treatment. 
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